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##4770471121  : MAJOR NUCLEAR TECHNOLOGY

KEY WORD : NEUTRON IMAGING PLATE / NEUTRON RADIOGRAPHY
SARINRAT WONGLEE : NEUTRON RADIOGRAPHY USING NEUTRON
IMAGING PLATE.
THESIS ADVISOR : ASSOC.PROF.NARES CHANKOW, THESIS COADVISOR. :
ASST.PROF. SUVIT PUNNACHAIYA, 70 PP.

The aims of this research are to study properties of neutron imaging plate, to obtain a
suitable condition for neutron radiography and to use the neutron imaging plate for testing of
materials nondestructively. The experiments were carried out by using a neutron beam from the
Thai Research Reactor TRR-1/M1 at a power of 1.2 MW, A BAS-ND 2040 FUJI neutron
imaging plate and a MX125 Kodak X-ray film/Gd neutron converter screen combination were
tested for comparison. It was found that the photostimulated light (PSL) read out of the imaging
plate was directly proportional to the exposure time. The optimum condition was found to be at
120 cm with the exposure time of 15 - 25 seconds which gave the best image definition and
contrast. It was also found that radiography with neutron using the imaging plate was
approximately 40 times faster than the conventional x-ray film/Gd converter screen combination.
The sensitivity of the imaging plate to gamma-rays was also investigated by using gamma-rays
from an Ir-192 radiographic sources. The imaging plate was found to be 5 - 6 times less sensitive
to gamma-rays than a FUJI BAS-MS 2040 gamma-ray imaging plate. Finally, some specimens
were selected to be radiographed with neutrons using the imaging plate and the x-ray film/Gd
converter screen combination in comparison to x-rays. Parts containing light elements could be
clearly observed by the two neutron radiographic techniques. It could be concluded that the
image quality from the neutron imaging plate was comparable to the conventional x-ray film/Gd
converter screen combination but the exposure time could be approximately reduced by a factor
of 40.
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U7 2.12 namanmaeFuadaesidinseu”
Neutron Generator : TRIGA-II 100 kW, Nuclear reactor, Rikkyo University
Irradiation : Themal neutron , Fluence : 1.4 x 10° neutron/cm?2 (100 kW)
Time : 90 msec
Imaging Plate : BAS-ND
Scanner : BAS-5000

U 2.13 namanmareFuaudaesidiond
X-ray Generator : KXO50G, Invertor, Komazawa, Junior College
Irradiation : Acceleration Voltage 150 kV , 260 mA
Time : 71 msec
Filter : 1.5 mm Al + 0.1 Cu
Imaging Plate : BAS-SR
Scanner : BAS-5000
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1) Usuaunesiaiiiniou (Effective thermal neutron, NC)
D,, — (highD, + AD,)

NC = x100 (2.10)
Dy
2) 15uaiInseUNIZI99 (Effective scatter neutron content, S)
S = (ADBjxloo (2.11)
H
3) 53a5adunyun (Effective gamma content, )
D; —lowD
y o= | == 1100 (2.12)
Dy

4) U51Nu59@910 Pair production (Effective pair production content, P)

P - (ADDijloo (2.13)
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° mim’mﬁaumm%ﬁ’w‘?ﬁqﬁmthmmgm Sensitivity Indicator (SI)
L&Y 1 Y o v A 4
Q‘]Jﬂimilﬂﬂ?]”lllll’J‘iJ’me‘m”IEJﬂ”IW (SD lwdmsuansizranuansalunis
<3 = o ~ I ] ] 1

ummuiwazmEJmemWTﬂﬂmmmnﬂg (Hole : H) 19121l us0anay uazyeddg (Gap : G)

AQd A ~ 1 = Yy =& 9 o o 1 A
mmmam’mmﬂ‘wqmmmmﬂmmimmmiwaxmsm"lﬂ Gmﬂizﬂaummaﬂwaﬂmm Ao
pZATANITFU (Acrylic resin) DEQiliileN HazAzI TABIANUNUIVUIATDIFUALHOIINGN
A TagLaAInanIs19N 2.5 1aga13199 2.6

A3 19N 2.5 UEAIA1 G 9INN N8V ASTM SI

Value of G Gap size, mm.*
1 0.25
2 0.13
3 0.10
4 0.076
5 0.051
6 0.025
7 0.013

< ' J A d A A ] Y 1
* Lﬂuﬂfﬂﬂﬁ'limlﬁﬂﬂq@ﬂﬁ"lZJ15fJ‘JJ'E'J\1Wiullﬂ‘lu‘vc]ﬂ“]ﬂﬂﬂ’)'mWUWJ@\?ﬂ'lW ASTM SI

Q139N 2.6 LEAAIAT H 91NN WA18UD9 ASTM SI

Value of H Gap size, mm.* Absorber thickness, mm.
1 0.51 0.64
2 0.51 1.27
3 0.51 2.54
4 0.51 5.08
5 0.25 0.64
6 0.25 1.27
7 0.25 2.54
8 0.25 5.08
9 0.13 0.64
10 0.13 1.27
11 0.13 2.54
12 0.13 5.08

g Ay s A ~ < Y, '
* Lﬂuﬂ]u’lﬂﬂ]ﬂ\izﬂlﬂﬁuN'luﬁuﬂﬂﬁ'l\ul'lﬂ%ﬁﬂﬂﬂﬁ]\ilﬂul’lﬂilm'lwa'lﬂ ASTM SI

U Q
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2.16 UEAIaNYUY ASTM Sensitivity Indicator

2.17 A LAz YUIAYR3 U ASTM SI
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317 2.18 uaAIdNYE Test Strip B
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IAT090TULHUTUNNAINLAZIATEIAUNIN BAS-2500 15011151051 Tmage Reader
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Q
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Wgaaay

Y v
® 11181 Developer 8%0 Kodak GBX Wan 1agu3HN Kodak

Y Y
® 11181 Stop bath Tumsnaaesldldinlszahunu

Y v
® 11181 Fixer 819 Kodak GBX Wan IaguTHy Kodak
1AT0981UANURNAY (Densitometer) JU 301X HAATABUTEN X-Rite Incorporated
UHUNTDI5 98
® HuTuseU-10 ANUGUTUGI Kodak BE 10 Waa I1ag13HN Kodak 4119 8 4. x

& A )
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® LHNULAAINEN YUIA 25.5 B, x 39 HY. U1 1 VY.

o upuunladten YUIA 12.5 B, x 15.0 ¥, W1 0.25 V.
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3.1.12
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®  LHUAZNI YUIA 25 WA, x 25 BN, WU 4 VL.
18Ut InIeU (Neutron Convertor Screen) LHULLA TADITELYUIA 12.5 H. x 15.0
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319 3.5 uri AN MIIATEU BAS-ND 2040

517 3.6 1ATRIBUIAZAUMNUHLITUANNINTINTOU BAS-2500
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U7 3.11 RS-232 ARILAKRBS 9 PIN U7 3.12 RS-232 AowITiAKRBS 25 PIN
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AU MIASIAUNNINDTIAIN-192 ANUUITISIT & TUNIMINAA04 3.3 Ci

ANUUSITITUNNIT =33 Ci
=33x3.7x10" dps
=1.22x 10" dps

ANVTUUBITITUANIINGINY 29596 keV  =1.22x10''x 0.2873  gammas.s’
=351x10" gammas.s
ANVTUUBITITUANIINGINY 30846 keV  =1.22x10''x0.2975 gammas.s’
=3.63x10"° gammas.s
ANVTHUBITITUANIINGINU 31651 keV  =1.22x10"'x0.8300 gammas.s’
=1.01x10" gammas.s
ANVTUUBITITUANIINGINY 468.07 keV  =1.22x10"'x 04772  gammas.s’
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PINTO1NIN () 1 1IN (60 IUIN)

Gamma fluence = Ixt
=2.61x 10°x 60 gammas cm
=1.57x 10" gammas cm
=) 6 -2
170 =1.57x10 gammas mm
taga PSL 71811 14910 Imaging plate =108.01 PSL mm~

221891 1 PSL 1099103 11US I8 ANLI91IND 5 AeN-192
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[ I v v
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